The capacity to differentiate Salmonella serotype Enteritidis strains by PCR ribotyping; RAPD typing with three arbitrary primers and ribotyping with a mixture of PstI and SphI or 'PS ribotyping', was evaluated on a series of 65 strains associated with human infections and 11 reference strains. The series had been analysed previously by phage typing and ribotyping performed with PstI and Sph I, separately. All methods typed all the strains; however, only ribotyping showed good reproducibility and sensitivity. Twenty-two PS ribotypes (discrimination index = 0.74) were identified, differentiating strains ascribed to seven phage types (PTs 1, 4, 6, 6a, 7, 8 and RDNC) as well as phage untyped strains. Conversely, some strains of PTs, 1, 4, 5a, 6, 6a, 7, 34 and RDNC showed the most frequent PS ribotype. By PCR ribotyping a single profile was found; while by RAPD typing, one, two or three RAPD types were identified with the primers MK22, OPB6 and OPB17, respectively. All Spanish strains were assigned to a single combined RAPD type, except PTl1 strains which showed a different and specific RAPD type with OPB17. The banding patterns defining the PS ribotypes were interpreted more easily and the patterns could be compared more accurately than the banding patterns defining RAPD types. A similarity dendrogram generated from the 22 PS ribotypes was traced and compared with RAPD types and phage types. Data from this work indicated that 'PS ribotyping' was the most useful genetic procedure to differentiate Enteritidis strains, and, therefore, it can be used as a complementary or alternative typing method to phage typing within this serotype.
Introduction
From the early 1980s Salmonella serotype Enteritidis has emerged as the serotype most commonly associated with human salmonellosis in many European countries and similar findings have been reported in the USA in the 1990s [l-61. It is a zoonotic serotype whose main reservoir is poultry [7, 81. Nowadays, improved epidemiological surveillance is necessary because of the continuing presence of disease in both industrial and developing countries, and the rapidly growing international foods trade between countries -with different endemic and epidemic lineages of Enteritidis and maintaining different levels of hygiene in the production and manufacture of both human foods and animal feeds [2,9]. Provided that typing antisera are available, the identification of strains as Enteritidis rarely causes problems in microbiology laboratories. However, to obtain a better understanding of the public health hazard caused by different types or clones, the further differentiation of Enteritidis strains will usually be required to ascertain the circulation, endemic level, incidence, prevalence and evolution of pathogenic clones through space and time. It also enables one clinical case to be associated with other sporadic or outbreak cases, reservoirs and transmission vehicles. The success of these aims depends on methods that distinguish strains from different sources, and various techniques, phenotypic as well as genotypic, have been reported as useful. Among the former, phage typing plays a central role in epidemiological studies, the scheme of Ward et al. [4] being the most fi-equently used. There is now no doubt that a few phage typesin particular PT4 in Europe and PT8 and PT13a in the USA -are most frequently associated with food-poisoning and with the concurrent widespread infection of commercial poultry meat and egg dishes [2,3, 7,lO-131. An important effort to develop an accurate genotypic typing method for Enteritidis is being made and several techniques have been evaluated over the present decade [3, 5, 6, 8, 10, 11, 13, 141 . The most recently introduced assays for DNA fingerprinting are the PCR-based typing methods. Among these is PCR ribotyping, which analyses the spacer regions of rrn operons with oligonucleotide primers complementary to the conserved regions of the 16s and 23s rRNA genes [15] . Other methods are based on the random amplification of polymorphic DNA (termed RAPD or arbitrarily primed PCR) by a single primer that does not have any known homology to the target sequence [lo, 161. In the recent past, ribotyping performed with different restriction endonucleases (SmaI, EcoRI, BglI, SalI, AccI, HincII, PstI and SphI) has been evaluated and a 'two-way ribotyping' procedure, with Pst I and Sph I, has been found to be the best method for epidemiological purposes [6] .
The aim of the present work was to develop a simpler and more rapid procedure than 'two-way ribotyping' to differentiate serotype Enteritidis strains. For this, PCR ribotyping and RAPD typing with three primers described as useful for the discrimination of Enteritidis strains [ 10, 161 as well as a ribotyping procedure with a mixture of PstI and SphI, termed 'PS ribotyping' , were evaluated with a series that included strains associated with human infections and reference strains representing nine phage types. A dendrogram of genetic relationships between the PS ribotypes generated with the mixture of PstI and SphI was traced, and the resulting groupings correlated with RAPD types and phage types.
Materials and methods

Bacterial strains
This study included 65 strains of serotype Enteritidis associated with human infections, 49 of which were collected in different localities of the Principality of Asturias and 16 from other Spanish regions (Table 1) . The selection of strains was based on their differences in some of the following parameters: isolation date, location or place where the salmonellosis episodes were registered, original sample and clinical manifestation. In these strains an epidemiological correlation was not apparent; 15 of the strains were associated with outbreaks. In addition, 1 1 Enteritidis reference strains were also tested. These were: ATTC 13076 ascribed to PT1; CECT 41 55 ascribed to PT6a; type strains of PTs 4, 6, 6a, 8, 9 and 13a, fiom the Central Public Health Laboratory (CPHL), London; and type strains of PTs 1, 7 and 34 from Centro Nacional de Microbiologia, Majadahonda, Madrid (CNM), Spain. Salmonella serotype Typhimurium ATCC 14028 was used to represent group B salmonellae. The pathogenic strains were phage typed in the Spanish Salmonella Reference Laboratory of the CNM by the scheme of Ward et al. ~41.
DNA isolation and ribotyping
Genomic DNA isolation and ribotyping were done as described previously [5, 171. In the 'PS ribotyping', samples of 2 pg of DNA were digested with 3 U of PstI and 5 U of Sph I (Amersham) for 4 h. DNA fiom isolates representing the different banding patterns (ribotypes) were tested three or more times to evaluate the reproducibility of the method. The ribotypes were named by the first letter of the restriction endonucleases used, which was followed by an arabic number corresponding to the detection order in this laboratory. In this study, only PS ribotypes from clinical and reference strains are shown, therefore some numbers of PS ribotypes are not included (they belonged to strains collected from other sources: foods, sewage, the environment).
PCR-based procedures
The DNA was obtained by the same procedure used for ribotyping. In PCR ribotyping the procedure and primers used were as described previously [ 15, 181. In RAPD typing three primers were used: MK22 [16], OPB6 and OPB17 [lo] ; the latter two were selected for their good discriminatory power. RAPD typing was performed with the conditions described previously for each primer [ 10, 161. DNA from isolates representing the different electrophoretic band patterns was tested three or more times to evaluate the reproducibility of the method. Minor differences in band intensity, as well as the weak bands, were not considered to define the PCR ribotypes and RAPD types. Different isolates were ascribed to the same PCR ribotype, or RAPD type, when their DNA amplified band patterns were considered to be identical. It is noteworthy that changes in amplification conditions produced different DNA amplified band patterns.
Statistical analysis methods
The discrimination index (DI), i.e., the probability that two unrelated strains sampled from the population would be placed into different typing groups, was calculated by Simpson's index of diversity [ 191. For the similarity analysis of the Enteritidis ribotypes generated with the mixture of PstI and SphI (also using Typhimurium ATCC 14028 to represent another salmonella group) the Dice similarity coefficient (S) was used. Cluster analysis was by an unweighted pair group method with arithmetic averages in the software programme MVSP (Multivariate Stat istics Package , version 2.0a).
Results
PCR based procedures
Enteritidis strains representing nine phage types, lytic patterns that did not correspond to any recognised phage type (RDNC) and phage untypable (UPT) strains of the Ward et al. scheme, as well as 22 PstI-SphI combined ribotypes [ 6, and unpublished data] were tested by PCR ribotyping and RAPD typing. PCR ribotyping was not useful for the differentiation of strains of Enteritidis, because all the strains tested showed a single DNA amplified banding profile or PCR ribotype, which included three well-defined DNAamplified fragments ranging from 700 to 1000 bp (figure not shown). RAPD typing was performed with three different primers: with primer MK22, all Enteritidis strains showed the same band profile or RAPD type, whereas with the primers OPB6 and OPB17 the series was differentiated into two and three RAPD types, respectively, and with each of these a similar but not identical distribution of strains into RAPD types was found ( Fig. 1) . With both primers, one RAPD type was found to be the-most frequent (labelled OPB6-1 and OPB 17-l), which included all except two or five strains, respectively. The exceptions were: ATCC 13076 (PT1) and the type strain of PT8 yielded another RAPD type with each primer (labelled OPB6-2 and OPB17-2); the type strain of PT13a showed a combined RAPD type (OPB6-1, OPB17-2) and the two PTll pathogenic strains gave OPB6-1 and a unique and specific OPB 17 pattern labelled OPB 17-3. With the three primers, the typability was loo%, but the reproducibility was not good. In fact the banding patterns frequently included one or more DNAamplified fragments which were poorly defined, or not revealed in all the experiments. These fragments were considered artefactual bands and wag not taken into account to define RAPD types. The number of RAPD types was increased to four by combining the results from OPB6 and OPB17. Moreover, by means of this combination, in the series tested (formed by 31 strains) the DI was very low, with a value of 0.31.
Ribowping procedures
In a first step, the same series of Enteritidis strains analysed by PCR-based methods and Typhimurium ATTC 14028 were tested by ribotyping performed with different mixtures of restriction endonucleases. The best differentiation, and the most accurate banding patterns, were obtained with the mixture of PstI and SphI (this 'one-way' procedure was termed 'PS ribotyping'). The results of this mixture showed that strains ascribed to different phage types or combined-ribotypes, or both, generated different and well-differentiated profiles, labelled 'PS ribotypes', with the exception of type strains of PTs 4, 6 and 34 which gave the PS1 ribotype (Table 1 , Fig. 2 ). In a second step, the other Enteritidis strains of the series were analysed by PS ribotyping. A total of 22 PS ribotypes was obtained, which included 7-12 fragments of sizes 27.5-2.3 kb (Fig. 2) . No fragment was considered as common in all the PS ribotypes and the differences between pairs of ribotypes were easy to detect visually. Only a fragment of c. 7.5 kb (shown in some PS ribotypes displayed in Fig. 2 , such as those labelled 2, 3, 5 , 6, 8, 9, 11, 13, 14 and 17, in which it is placed under a 7.8-kb fragment forming a double band) was not reproducible in all band patterns from the same strain. In some band patterns it appeared to be well defined, in others weak, and in others it was absent; and so it was not considered in the definition of PS ribotypes.
The distribution of strains into PS ribotypes is shown in Table 1 where it can be observed that nine PS ribotypes grouped two or more strains; the other 13 were represented by only one strain. Type strains of
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The present series has been analysed in previous studies [6, unpublished data] by ribotyping performed separately with PstI and SphI or 'two-way ribotyping', and it was differentiated into eight ribotypes with PstI, into 17 with SphI and into 22 by the combination of types from both enzymes. The capacity to differentiate Enteritidis strains by PS ribotyping and two-way ribotyping procedures was compared, and a similar but not identical distribution of strains into types was found (Table 1 ). The differences recorded were as follows. (i) All except two strains with PI-S1 ribotypes fell into the PS1 ribotype. One was ascribed to PS13 ribotype, which had three additional fragments of 13.1, 11.5 and 9.4 kb that were not present in PS1 ribotype (Fig. 2, lane C). The other strain was ascribed to the PS14 ribotype, which showed only an additional fiagment of c. 6 kb, with respect to PSI ribotype (Fig. 2, lane D) .
(ii) All strains showing Pl-S23 or P2-S23 ribotypes fell into the PS3 ribotype (Fig. 2, lanes E and F) . (iii) The only two strains showing Pl-S5 or P2-S5 ribotypes fell into the PS6 ribotype (Fig. 2, lanes I and J).
On the other hand, the comparison of banding patterns generated by Pst I and Sph I used alone or in mixture allowed the number of PstI-fragments that were cut by SphI and vice versa to be deduced. The PstI ribotypes included seven or less fragments > 7 kb, suggesting that PstI had not cut points into the rrn loci. The SphI ribotypes showed 5--12 fragments of 3.5-> 27.5 kb, supporting the fact that Sph I cuts into some of the rrn loci [6] . As an example, the banding patterns of P1, S1, and PS1 ribotypes are shown in Fig. 3 ) have no SphI cut points. It also revealed that in the sequences adjacent to the rrn loci, the SphI cut points are placed further from the rrn loci than PstI cut points. For this reason, when a mixture of both enzymes was used, the largest SphI fragments (> 27 kb) were missing and were not revealed in the PS ribotypes. On the other hand, the largest SphI fragments frequently appeared to be poorly differentiated (as can be observed in the figures of references [6 and 201) while all the fragments forming the PS ribotypes were visually well-differentiated.
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In both ribotyping procedures, reproducibility (with the DNA well cleaved) and typability reached loo%, and in the series tested here, the discrimination index was a little higher with PS ribotyping than with twoway ribotyping, reaching values of DI = 0.74 and DI = 0.72, respectively. Three important features, the improved 'quality' of the banding patterns, the lower cost in time and work, and the slightly higher DI of PS ribotyping compared to two-way ribotyping, led us to support the first procedure, and its usefulness for phylogenetic and epidemiological purposes is commented on in the following section of this study.
Dendrogram of genetic relationship among PS ribotypes: correlation among PS ribotypes, RA PD types and phage types
The sequence divergence of the rDNA regions (which include the rrn loci and adjacent sequences) of the strains under study can be revealed by comparison of the fragment restriction length polymorphisms that defined their ribotypes. With data from the 22 PS ribotypes found within Enteritidis strains and the PS ribotype of TS, Typhimurium ATCC 14028, used as an outgroup strain, a dendrogram of genetic similarity was traced (Fig. 4) . It showed a high degree of heterogeneity in the sequences of the rDNA regions of Enteritidis, because their similarity coefficients were in the range 0.95-0.35 (similarity 95-35%). At the lowest significance level, S = 0.35, all Enteritidis ribotypes were grouped whereas Typhimurium ATCC 14028 was situated out of the group. Moreover, at a significance level of 0.7, a major cluster (including 12 PS ribotypes, 84.2% of strains) was revealed and was labelled cluster A.
The grouping arising from the dendrogram was correlated with phage types and RAPD types, revealing the following factors. (i) All strains ascribed to PTs 1, 5a, 6, 7 and 34, together with all except two PT 4 and 6a strains, and all except one RDNC and one UPT strain, fall into cluster A. All these strains showed the prevalent RAPD types (OPB6-1 and OPB 17-l), except the reference strain ATCC 13076 (PT 1) which showed OPB6-2 and OPB 17-2.
(ii) The only two PT6a strains not included in cluster A showed the prevalent RAPD types, but their PS ribotypes were the most loosely related to the remaining branches of the dendrogram. These strains were the type strain of PT6a and CECT 4155 showing PS30 and PS20 ribotypes, respectively, with 76% similarity between them. (iii) The strains belonging to PT8 and PT9 fell into a minor cluster, at a 0.65 similarity level, labelled cluster B, which included three ribotypes, each of these represented by only one strain: PS2 1 by the type strain of PT8 (OPB6-2 and OPB 17-2), PS23 by the type strain of PT9 (OPB6-1, OPB17-1) and PS15 by the single Spanish clinical strain ascribed to PT8 (OPB6-1, OPB 17-1). (iv) The PS7 ribotype represented by the only two strains ascribed to PT11 (OPB6-1, OPB 17-3) showed < 52% similarity with respect to the remaining Enteritidis ribotypes.
Discussion
Several criteria should be considered in evaluating genetic typing procedures for epidemiological purposes [21] . In all the procedures used in the present work, the stability of the marker screening and the typability reached 100%. The reproducibility could be considered very good in ribotyping, but poor in PCRbased methods, because their banding patterns frequently included fragments that were not well resolved. The sensitivity or discriminatory power by the calculation of a DI (which takes into consideration both the number of types defined and their relative frequencies) was zero with PCR ribotyping; 0-0.31 with RAPD procedures; and 0.74 with PS ribotyping. The latter is among the highest values reported for a typing method for human pathogenic Enteritidis strains. It is noteworthy that within PT4, PS ribotyping differentiated eight PS ribotypes and reached a DI = 0.72, which is also among the highest values reported for this phage type. The easy interpretation of band patterns and the ease of comparison of the results from different experiments was better in ribotyping than in RAPD typing. An additional observation is underlined: the band patterns were better differentiated by the one-way or PS than by the two-way ribotyping. This was due to the fact that with SphI alone, the interpretation of the number and size of the fragments placed in the upper region (> 20 kb, which differentiate several types) can be difficult to visualise (as can be seen in Fig. 3 , tracks S , and references [6 and 201). Whereas when SphI was used in mixture (or on previously digested DNA) with PstI the problems in the digestions and interpretation of the new banding patterns did not arise, as the largest Sph I fragments were cleaved by Psl I.
The results of this series with PCR-based typing methods were compared with results described previously, in which the same primers were used. Lagatolla et al.
[ 181 analysed a panel of 21 8 strains of Salmonella (belonging to 10 serovars and isolated in Italian hospitals during 1977 Italian hospitals during --1994 by PCR ribotyping. The 41 Enteritidis isolates showed a single identical banding profile, consisting of four DNA amplified fragments of 1100-700 bp, which was different from the profiles arising from other serotypes. It was also different from the single PCR ribotype found in the present Enteritidis series, which includes only three well-defined fragments in the region 1000-700 bp. The first RAPD analysis applied to Enteritidis was developed by Fad1 et al. [ 161, and used primer MK22 to analyse strains from 12 human outbreaks and from 20 avian sources (belonging to PT8, PT13a, PT14b and UPT). Seven distinct randomly amplified DNA patterns were found; four patterns were represented by strains from avian and human sources. In the present series, represented by 10 different phage types (which did not include PTs 13 or 14b and only the phage type strain of PT13a) no differentiation of strains was revealed. Moreover, the band patterns from both series showed DNA amplified fragments in the region 2200-700bp, and two fragments (of 700 and 1150 bp) seemed to be common in all the band patterns. In another recent work, Lin et al.
[lo] selected six arbitrary primers (from the 65 primers screened) which were used to test 28 Enteritidis isolates, collected in various USA states and one in Germany. Different primers produced different numbers of patterns of RAPD types, ranging from three to five. When we evaluated the primers called OPB6 and OPB17 [lo], our series was differentiated into two and three patterns, respectively. The most frequent RAPD types in our series were not found in the USA series; but RAPD types labelled OPB6-2 and OPB17-2 in our series -shown only by reference strain ATCC 13076 (PT1) and the type strains of PT8 and PT13a -seem to be identical to OPB6-A and OPB 17-C, respectively, both frequent in the USA series.
The development of a new typing method must include an adequate understanding of its effectiveness for a broad sample of strains, including wellcharacterised reference strains, epidemic and sporadic isolates; and the results should be compared directly with those of previous well-studied approaches. PS ribotyping was evaluated on a series meeting these requirements, and the results were compared with phage typing, two-way ribotyping and PCR-based typing, which are methods described as useful in Enteritidis typing [4, 6, 10, 16, 181 Finally, in a routine typing method features such as ease of operation, rapidity and cost are also important. The great advantage of PCR-based methods is that these are faster, relatively simpler and more economical than other genomic typing methods. Therefore, RAPD procedures that analyse the entire bacterial chromosome emerge as particularly attractive molecular typing methods, but their application requires the identification of the oligonucleotide primers that are capable of recognising DNA polymorphisms among isolates and, unfortunately, there is no way of predicting which oligonucleotide sequences will be useful to differentiate strains of a species or serotype. At the present time, more work is necessary to develop a well-standardised RAPD typing procedure, with a low number of selected primers that yield specific and well-defined DNA amplified fragments to be able to compare results from different series and laboratories. On the contrary, ribotyping is a laborious procedure, as multiple steps are required (DNA isolation, restriction, electrophoresis, Southern blotting, probe preparation and hybridisation); the proposal of performing it with a single restriction-hybridisation step is the most simple approach. Despite this disadvantage, currently, we support the ribotyping procedure performed with the mixture of PstI and Sph I and the rrnB operon (or 16s and 23s rRNAs) as probe, as the most useful tool to differentiate Enteritidis pathogenic strains. The use of PS ribotyping is re-inforced by three important observations: (i) its high degree of typability, stability and reproducibility, (ii) its good sensitivity to differentiate strains of several phage types, and (iii) the ease of interpretation of the ribotypes, that include distinct and wellresolved fragments which will guarantee the accurate comparison of results obtained from different series in different laboratories.
